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FALLOUT: FINAL FIGURES 


TWO YEARS have now passed since the last high yield 
nuclear weapon was exploded. Since then, intensive ex- 
perimental studies the debris from these tests have 
resulted clearing picture the transport, global 
distribution, and total inventory fallout. now 
possible answer many the questions that have 
arisen concerning the physical mechanisms fallout. 
(See, for instance, Nuclear Information, 1959; 
April-May 1960.) 

This article will report evidence accumulated since 
the “Progress Report” the April-May 1960 issue. 
now have definitive answers the questions asked 
there: 

How much strontium has been produced; how 

how much the air; how much the ground? 

How long does the radioactive debris remain the 

air after nuclear explosion? 

also possible comment authoritatively now 
the way latitude and altitude influence the “drip-out” 
time the debris; and the relative contribution 
Soviet and U.S.-U.K. tests the strontium levels 
soil the North Temperate Zone. 


The Experts Give the Answers 

Three new pieces information have become availa- 
ble since the “Progress Report.” measurement the 
levels strontium and foreign soils was 
reported July 1960 Alexander the U.S. 
Department study the dependence 
fallout residence times and distribution patterns 
altitude, latitude, and season was reported November 
1960 Martell and Drevinsky the Geo- 
physics Research Directorate the Air Force Research 
and the most recent AEC Health and Safety 
Laboratory Summary Report (October 1960) contains two 
revelant articles, one and the other 
Telegadas and Murray the U.S. Weather 
The summary below draws all these 
sources. 

Table summarizes the 1959 inventory strontium 
90. For convenience, the inventory given units 
megacuries (million curies). This measure the 
radioactivity the strontium 90. Each megaton fission 
energy produced bomb releases 0.1 megacuries 
radioactivity the winds, 

The measurements reported Table accord well 
with the earlier estimate obtained considering the 
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HOW HOT MISSOURI? 


WHEN THE U.S. Public Health Service began, 1957, 
measure the radioactivity milk, St. Louis was 
fortunate enough among the twelve areas selected 
for study. Each month since April 1957, the Public 
Health Service has collected one-gallon sample 
milk from small dairy area Missouri that forms part 
the official St. Louis milkshed. After being analyzed 
for strontium and other radioisotopes the Taft 
Sanitary Engineering Center Cincinnati, these samples 
provide the information the changing levels the 
radioactivity milk which the PHS has regularly re- 
leased the public. 

This program made only start the huge problem 
following fallout radioactivity the nation’s milk 
supply. the April-May 1960 issue Nuclear Informa- 
tion, Dr. Pond pointed out that this study provided 
most inadequate survey: the largest number sta- 
tions reporting has been 12, and the samples from each 
come from only 1000 cows.” 


The reason for the inadequacy the original milk 
survey program easy understand. Radioisotope 
analyses are expensive and complicated, and demand 
specialized laboratory equipment. When the milk program 
began 1957, the PHS had only one laboratory equipped 
the work, and relatively few samples could 
handled. 


PHS Expands Milk Survey 1959 

But 1959, partly important consequence 
increased public knowledge and interest fallout, the 
PHS was able get substantially larger budget for 
fallout surveys. result, two new radioisotope lab- 
oratories were established and 1960, the PHS was 
able expand the milk survey program include sixty 
new stations across the nation. 

setting the expanded milk program, the PHS took 
steps correct the major inadequacy noted above: that 
the milk sample taken for analysis any given area 
such St. Louis, represented only small part the 
total milk supply for that city. Instead collecting 
milk from local dairy area, which may not 
sentative the total milk supply, the new program 
obtains samples the point distribution the public, 
and combines them form mixed sample which 
representative the dairy areas and milk plants that 
provide least 90% the total milk supply. 
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size and type tests. High altitude tests deposit all 
their debris the stratosphere; surface tests water 
blast 30% their total fallout into the stratosphere; 
surface tests the ground send only 20% these 
heights. 


TABLE 
Megacuries Reference 
Ground, June 1959 
Added from June 1959 
Nov. 1959 0.4 (3) 
Air, November 1959 0.6 (4) 
Total 5.1 


STRONTIUM INVENTORY, 1959 


Table shows the megatonage exploded air and 
surface tests, and estimates the megacuries released 
the stratosphere. 


TABLE 
Kindof Test Megatons Stratosphere Megacuries 
Air 38.0 x 100% = . 
Ground 21.5 20% 
Water 32.6 30% 1.0 
Total 5.2 


SOURCES STRONTIUM THE STRATOSPHERE, 1959 


The close agreement between the total Table and 
Table doubt accidental, but leads one feel 
that the figure approximately 5.0 megacuries 
good figure possible achieve. This little 
larger than the 4.6 megacuries reported Feeley 
the Air Force March 1960,5 and lower than the 
value 6.0 megacuries used the present author 
the April-May 1960 Nuclear Information. 


What Happend the Debris? 

The second question can also answered now. 
the 1958 U.S. test series the Pacific (Hardtack), 
tracer element tungsten 185 was artificiaily added 
the fallout. Knowing the location and time its injec- 
tion into the stratosphere, weather scientists were able 
learn much about how fallout carried about 
monitoring this particular radioactive element various 
places over the globe. 

second indicator used this study was the ratio 
short-lived strontium (half-life days) the 
strontium (half-life years). Since the 
strontium disappears can used idea- 
tify fission material with specific test series. 
careful study these indicators, and tracing rain 
clouds back their sources find whether they carried 
polar tropical air, Martell and come the 
conclusion: “The stratospheric origin substantially 
all the short-lived well the long-lived radioiso- 
topes world-wide fallout appears well estab- 
lished The fallout storage times depend critically 


the latitude the burst, the season the year, and 
the altitude which the bomb cloud driven. Debris 
from Soviet tests polar latitudes, where the strat- 
osphere not high further south, show 
average storage times only few months. Debris in- 
jected into the lower part the stratosphere near the 
Equator has average storage time 1-3 years, but 
debris pushed high altitudes may show 5-10 year 
storage time. The concept one average time applicable 
all tests clearly very crude approximation. 

would now possible make quite accurate 
estimates fallout distribution, but since nearly all 
such material now the ground, such estimate 
would only academic interest. One can say, 
however, that the light these new pieces evi- 
dence, the debris from the U.S.-U.K. tests conducted 
near the Equator has for the most part been globally 
distributed. The strontium the Southern Hemisphere 
almost entirely this origin. The Soviet tests con- 
ducted polar latitudes the fall and winter have 
contributed most their fallout the North Temperate 


Radioactivity the Air and the Ground 

How much radioactivity was added the stratosphere 
the 1958 Soviet tests? This question, once subject 
considerable uncertainty, can also answered 
The original estimate Libby was that these tests 
had injected 1.25 1.50 megacuries into the strato- 
sphere. was reported the April-May 1960 Nuclear 
Information, this figure seems too high. Since now 
have soil and air measurements before and after the 
Russian tests, the books can finally closed. 

Table III shows the stratospheric and soil inventory 
July 1958 and July 1959, the soil measurements 
reported Alexander;' the air measurements, 
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NUCLEAR MISINFORMATION 


EXAMPLE the way scientific information some- 
times loses its clarity and picks error and misinter- 
pretation going through the reportorial and editorial 
process has recently been called the attention CNI. 

Reproduced below their entirety are Associated 
Press release November 23, 1960, and editorial 
inspired that appeared Montana newspaper 
week later. 


The Release reads: 


LONDON, Nov. (AP) Russian grain imported 
Britain contains least five times much strontium 
grain from North America, Britain’s radiobiological 
laboratory disclosed today. Strontium one the 
principal by-products nuclear fission. 

The laboratory, which department the British 
Agricultural Research Council, said the most recent 
measurements Russian flour showed particularly 
radivactive. All imported foodstuffs are checked safe- 
guard the British consumer. 

Flour from Russian grain showed microcuries per 
compared with the North American flour’s radio- 
activity the laboratory said. 

The laboratory said that could not determine the dis- 
tricts Russia from which the grain had come. Nor did 
speculate why Russian grain was high strontium 
content. But said the tests suggest the average Russian 
consumes much more strontium than Western people. 


The editorial, which from the Missoula, Montana, 
Missoulian, November 30, 1960 reads: Circumstantial 
evidence that the Soviet Union continues conduct nuclear 
tests secret furnished Soviet grain imported 
Britain. was found contain nearly six times much 
Stroatium grain from North America. There has been 
voluntary but uncontrolled moratorium testing for two 
The reduction radioactivity American flour 
testifies the fact that have kept our bargain. The in- 
creased radioactivity Soviet flour makes appear that 
they have not. 


The editorial was sent CNI members the West 
Montena Scientists’ Committee for Radiation Information, 
who asked for comments. 

From British sources, was found that the release 
was report from U.K. governmental radio- 
biological laboratory. Data quoted are shown the table. 
The figures show micromicrocuries strontium per kilo- 
gram grain and per gram calcium. 


Source: 


SURVEY THE FLOUR SUPPLIES 
THE UNITED KINGDOM 
(Summary Results, 1959) 


162-433 
122 
684 
Inedible 


“Strontium Human Diet the United Kingdom, 1959.” 
Agricultural Research Council Radiobiological Laboratory 
Report No. Table 10, 27. 


COUNTRY 


United Kingdom| 8-19 
North America 
Russia 


537 309 


Several points are noticed. Already the release, 
two errors have appeared. The concentrations stron- 
tium 90, given the scientific report 
curies, become, the news release, microcuries, 
radioactivity unit million times greater. This 
understandable mistake, and not uncommon one. The 
second error one omission: the table shows Rus- 
sian, North American, and British flour; the release 
fails mention the British figures which are almost 
high the Russian ones. the editorial conclusions 
were valid, the writer would have had cast the suspi- 
cion secret testing our British friends also. 

The reason for the larger Russian levels can, 
course, easily explained, and has nothing with 


secret testing. These data are for the 1959 wheat 


crop, and 1959 was vintage year for strontium the 
world over because that was the year when heavy fallout 
from the “last minute” testing 1958 was coming down. 
Soviet values would expected greater than ours, 
since they conducted their tests their own homeland, 
whereas the U.S. and Britain tested primarily the 
Pacific. 

Furthermore, was pointed out the March 1960 
Nuclear Information, any above-ground test, would 
required contaminate wheat crop, would have cer- 
tainly been detected. None has been reported. Thus the 
contamination Russian wheat has nothing with 
secret tests. 

This example distorted and uninformed analysis 
the report world-wide wheat radioactivity bespeaks 
level scientific understanding that again underlines 
the need for careful scientific guidance interpretive 
writing this field. 


HOW HOT MISSOURI 
(Continued from page 

Two Radioisotope Values for St. Milk 

The new program has been set addition the 
old one. This means that hereafter St. Louis will have 
two values for milk radioactivity available. From the 
original program will continue receive strontium 
and other radioisotope values based milk sample 
from the small dairy area Missouri, analyzed the 
Cincinnati laboratory. the same time, the new pro- 
gram will report radioisotope values from sample 
obtained combining representative milk available 


the city, and analyzed the PHS laboratory Las 
Vegas, Nevada. important note that the analyti- 
cal methods used the two laboratories are not exactly 
alike. 

The first results the new program analyses 
milk collected August 1960 have just become 
available (Radiological Health Data, Jan. 1961, PHS), 
and permit compare the values given small-scale 
samples (analyzed Cincinnati) with those the 
composite samples analyzed the new PHS labora- 
tories. 
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Comparison the Two Samples 

Fig. comparison the two types samples 
for the St. Louis milkshed, and for eight other milk- 
sheds comparable size. great interest that the 
original, and the new sampling procedures and analyti- 
cal methods give comparable results all cities where 
both types testing were performed except St. Louis. 
contrast with the other cities, results obtained the 
two types procedures St. Louis differ markedly: 
the old method gives value micromicrocuries 
strontium per liter milk; the new method, value 
micromicrocuries. 


Figure 


NEW METHOD 
Micromicrocuries per Liter 


OLD METHOD 


Micromicrocuries per Liter 


Comparison results old and new methods testing milk the 
PHS program for nine cities Aug. 1960, the two methods give 
equivalent results the points should lie the line. The fact that 
most points lie below the line means that the new method tends 
give lower strontium values than the old method, for some unknown 
reason, Note that the only marked discrepancy between the two sets 
results for St. Louis milk. 


These results are difficult explain and obviously 
deserve careful further study. will noted Fig. 
that every city except New York, the new method 
gives strontium value lower than the one obtained 
the old method. very unlikely that this could 
result from the improved (mixed) samples used the 
new method, for this would mean that some coinci- 
dence, all but one the small areas selected the 
original survey happened produce milk that ishigher 
than the average for the entire milkshed. more likely 
that the different laboratories, using somewhat different 
methods, obtain results which not exactly agree, and 
that the sampling techniques not give appreciably 
different results. But these factors can hardly explain 
the much larger difference between the two measure- 
ments St. Louis. 


Special Studies St. Milk 

Fortunately, the St. Louis situation has been 
sufficient interest that the PHS earlier made some 
special studies not available most other areas. 
August 1959, samples were collected from twelve the 
local farm areas Missouri, western Illinois and east- 


ern Kansas that supply St. Louis with milk. The results 
this sampling are shown the table. 


Analysis Samples Representing 
the St. Louis Milk Supply 


Location per liter Pounds milk 
8.2 5,000 
8,000 
12.8 36,000 
17.9 42,000 
55,000 
9.2 13,000 
9.8 12,000 
9.3 52,000 
7.6 22,000 
40,000 
40,000 


Samples were collected Dr. Edmondson the Uni. 
Mo. Locations were not identified. (From HASL 90) 
*This is the location that provided the milk used by the P.H.S. 


in the original testing program, including the single value released 
previously for August 1959. 


Two points are special interest. First, the milk 
coming into St. Louis from different areas the milk- 
shed varies widely, with strontium levels ranging 
from 7.6 24.4 micromicrocuries per liter. Secondly, 
area No. 12, which has been the source monthly 
samples used the original PHS survey, shows the 
highest value. The average for all the areas (which 
would equivalent composite sample such that 
obtained the new PHS program) 13.2 micromicro- 
curies strontium per liter, which little more 
than half the old-method value reported the PHS 
for August 1959. 

This result shows that there may considerable 
differences the strontium content milk produced 
various parts the St. Louis milkshed, and these 
may account for the difference between old-method and 
new-method values. Studies have been initiated the 
St. Louis Health Department discover some the 
causes this variation from area area, and these 
should provide with clearer understanding fall- 
out the future. 

The data given the table refer only August 1959, 
comparable figures for various areas the St. Louis 
milkshed other times the year being not yet avail- 
able. would considerable interest learn 
whether the difference between stations fairly con- 
sistent, month after month. Such study has been 
conducted the Minnesota State Department Health 
for the period January April 1960, when milk from six 
different locations Minnesota was tested. January 
the lowest value was 5.6 micromicrocuries per liter 
(Rochester), and the highest, 16.3 (Duluth). The differ- 
ences between the areas were remarkably consistent 
during the four-month study (Radiological Health Data, 
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1960, PHS). Such study St. Louis milk would 
tell whether the variations found August 1959 were 
unusual, representative general condition. 
Union Study 

Besides the PHS reports, other measurements 
St. Louis milk, comparison with that 
other cities, are available. The independent con- 
sumers’ agency Consumers Union has made three 
studies milk strontium levels number U.S. 
cities. 

the first two tests made July-August 1958 
and 1959 respectively, samples were composites 
different quarts milk purchased across the counter 
and representing the four largest dairies each area. 
They were thus probably representative the area’s 
total milk supply. (In St. Louis, the Consumers Union 
samples came from dairies which together account for 
85% the total milk supply.) The composite samples 
were then analyzed for strontium laboratory 
which does work for the Atomic Energy Commission. 

the 1958 study, the highest value found was for 
New Orleans milk: 15.6 S.U. (Strontium micro- 
microcuries strontium per gram calcium). St. Louis 
milk had 11.1 S.U., and was tenth highest among 
cities studied. contrast, the study showed the 
highest value 15.8 S.U., for Springfield, 
St. Louis, with only 5.9 S.U., was eighteenth 
cities tested. 

November 1959, Consumers Union performed 
more extensive survey both milk and total diet. 
the eight cities which milk was sampled, New Orleans 
was again highest (16.2 S.U.), while St. Louis was 
second highest (12.1 These relative values are 
quite comparable the 1958 evaluation, but strikingly 
different from the July-August 1959 study. The cause 
this difference unknown. The strontium contents 
total diets sampled cities November 1959 
showed New Orleans and Duluth highest with 
each, and St. Louis third highest with 15.9 S.U. 


Other Comparisons 

From what has already been said can see that 
some tests composite St. Louis milk (equivalent the 
kind samples obtained the new PHS survey) shows 
strontium levels that are not unusually high, agree- 
ment with the result the August 1960 PHS new-method 
results. other tests, however, composite St. Louis 
milk samples show strontium levels greater than 
those most other cities. 

view this disagreement among the various 
comparative tests milk from St. Louis and from other 
areas, interest look other measurements 
fallout. Fallout radioisotopes get into milk from the 
cow’s fodder, and enter fodder plants from rain and 
snowfall which brings the fallout debris down from the 
upper air. Accordingly, particular area subjected 
relatively heavy deposit fallout, this should 
evident radioactivity measurements obtained from air, 
soil and plants, well from milk. Furthermore, the 
fallout level should reflected, not only strontium 
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measurements, but measurements the other promin- 
ent component fallout, cesium 137. 

Accordingly, have collected all available fallout 
measurements from Missouri, and Fig. show how 
they compare with similar measurements made other 
parts the country. Thirteen different sets measure- 
ments are shown. For purposes comparison, the 
highest value reported any area set 100, which 
the top each bar shown Fig. The smallest 
value reported then shown some percentage 
100, which the bottom each bar. Missouri fallout 
measurements are represented line, the position 
which relation the top and bottom the bar, 
shows the relative standing the state comparison 
with the highest and lowest areas reporting. 


Figure 


4 MAXIMUM VALUE 


Ss 
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FALLOUT MEASUREMENTS AS PERCENT OF MAXIMUM 


= ST. LOUIS OR MISSOUR! VALUE 
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Consumers Union study strontium the diet, Nov. 1959, 
data for St. Louis compared with cities (Consumer Reports, 
June 1960, page 289). 

Consumers Union measurements strontium milk, Nov. 1959, 
data for St. Louis compared with cities page 289). 
Consumers Union measurements strontium milk July-August 
1959, data for St. Louis compared with cities (Consumer Reports 
Feb. 1960, page 68). 

Consumers Union measurements strontium milk, July-August 
1958, dataforSt. Louis compared with 48 cities (Consumers Reports, 
March 1959, page 108). 

AEC gummed film measurements fallout radioactivity, 1954-1959, 
data for St. Louis compared with cities (HASL 93, page 44). 

AEC measurements strontium soil, 1958, data for Columbia, 
Missouri compared with U.S. locations (HASL 65, page 90). 

AEC Los Alamos Laboratory tests cesium 137 milk, 1958, 
for Springfield, Mo. compared with cities (LA-2296, page 35). 

AEC measurements strontium soil, 1959, data for Columbia, 
Missouri compared with U.S. locations (HASL 88, page 229). 

Measurements strontium alfalfa, 1959, Missouri compared 
with states (USPHS, Radiological Health Data, Dec. 1960, page 
50). 

10. Measurements strontium corn ensilage, 1959, data for 
Missouri compared with states (Ibid., page 50). 

Measurements strontium wheat, 1959, data for Missouri com- 
pared with states (Ibid., page 50). 

12, Measurements cesium 137 milk, average for 1958-1959, data 
for St. Louiscompared with cities (Ibid., page 3). 

13. AEC Los Alamos Laboratory measurements cesium 137 milk, 
1959, data for Springfield, Missouri compared with cities (HASL 
88, page 
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Fig. shows that only one thirteen tests, (the 
Consumers Union Aug. 1959 milk tests) does the Mis- 
souri value show less than 50% the highest reported 
value. Two comparative measurements (strontium 
corn ensilage and wheat) place the fallout level 
Missouri-grown material the top the list. nine 
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The 1958-59 difference 0.7 megacuries mostly 
attributed the USSR tests. More careful esti- 


TABLE 
July 1958 
Ground 3.2 megacuries 
Air 1,0 
Total 
July 1959 
Ground megacuries 
Air 0.8 
Total 4.9 megacuries 


RADIOACTIVITY THE AIR AND SOIL, 1958 AND 1959 


mates based strontium strontium ratios 
reported Telegadas and Murray* place the Russian 
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the thirteen comparisons, the fallout levels found 
Missouri are 75% more the maximum value reported. 

The significance attached each these measure- 
ments depends number factors, especially the 
relative number other areas for which comparable 
data have been reported. However, taken whole, 
the thirteen sets radioactivity measurements that 
compare Missouri with other areas would seem show 
that fallout levels Missouri are relatively high. While 
there are, yet, explanations for this fact, for 
the differences found various tests Missouri milk, 
our understanding bound improve continue 
regard the fallout problem worthy careful attention 
and further study. 
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contribution between 0.6 and 0.8 megacuries, 


agreement with our bookkeeping. 

The accumulated evidence thus shows pretty clearly 
that between 4.8 and 5.2 megacuries strontium 
are now the ground, and that only 0.2 0.4 mega- 
curies remain the stratosphere. The rate fallout 
has thus dropped drastically. The “hot rains” early 
1959, which had them not only strontium 90, but also 
host short-lived isotopes, will not seen again 
unless and until major above-ground tests are resumed. 

Whether not the removal most the strontium 
from the stratosphere will accompanied cor- 
responding drastic reduction the diet levels stron- 
tium the present subject concern, and will 
considered future article. 
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